Separating Parkinson's disease from the various causes of atypical parkinsonism (AP) is a common and clinically relevant challenge in clinical practice. Distinguishing between the different causes of AP is even more diffi cult. Here the authors discuss a systematic, clinically based and three-pronged approach that can assist clinicians in establishing the correct diagnosis in the consulting room. The three consecutive steps include: (1) to verify that the clinical syndrome truly represents parkinsonism (hypokinetic-rigid syndrome); (2) to search systematically for 'red fl ags' (alarm signs that may signal the presence of AP); and (3) to integrate these two steps, as a basis for a narrow differential diagnosis and a guide for further ancillary tests.
Introduction
The presence of parkinsonism can be established in the clinical examination room, based on history taking and neurological examination. Parkinson's disease (PD) is the most frequent cause, but the differential diagnosis is broad and includes, among others, multiple system atrophy (MSA), progressive supranuclear palsy (PSP), corticobasal degeneration (CBD), dementia with Lewy bodies (DLB), vascular parkinsonism (VP) and drug-induced parkinsonism. This wide group of 'other' causes of parkinsonism is here referred to as atypical parkinsonism (AP). A list of the potential causes of parkinsonism is presented in tables 1 and 2.
Parkinsonism is a common finding in neurological outpatient clinics. The incidence ranges from an estimated 0.5/1000 person-years for patients aged between 55 and 65 years to 10.6/1000 person-year for those aged above 85 years. 1 Early in the course of the disease, establishing a correct diagnosis can be challenging due to overlap in the clinical presentation between the various forms of parkinsonism (figure 1). However, being able to differentiate between PD and AP is highly relevant, for several reasons. First, patients find it important to know which specific disease they have. Second, the prognosis varies greatly across the different causes of parkinsonism. In general, disease progression is slower in PD compared with AP. Third, an accurate diagnosis is important to prompt attention to disease-specific complications, such as nocturnal inspiratory stridor in MSA patients (which is a cause of sudden death in this disorder!), or the 'motor recklessness' and concomitant injurious falls seen in patients with PSP. Medication effects are typically much less in AP, with fewer patients that respond, and a more modest and temporary improvement for those that do respond. Fourth, differentiation between PD and AP is important for research purposes, as a correct diagnosis is needed to include the right patients for specific trials.
A recent paper in this journal carefully discussed the essentials of PD. 2 Capitalising on this paper, we here present a framework to differentiate between PD and AP, based on three subsequent steps.
Step 1: the core criteria of parkinsonism The first step is to assess carefully whether the patient truly has parkinsonism. This can be overlooked easily, for two reasons. First, the motor symptoms of parkinsonism can be subtle early in the disease, leading to a false-negative diagnosis. Second, some conditions mimic parkinsonism, leading to a false-positive diagnosis (table 3) . We will exemplify both types of misdiagnosis.
The conventional core criteria for parkinsonism (UK Brain Bank) include bradykinesia and at least one of the following: rigidity, rest tremor or postural instability. Hence, the presence of bradykinesia is a prerequisite for the diagnosis of parkinsonism. Classical bradykinesia is defined as a progressive decrement of both the speed and amplitude of repetitive movements. Clumsiness, slowness or irregularity of movements is, according to this definition, insufficient to fulfil the criterion of 'bradykinesia'. Indeed, patients with for example cerebellar ataxia generally exhibit irregular movements, while patients with spasticity can have slow movements, but both lack the classical decrement that is characteristic for true bradykinesia. This may explain why patients with an upper motor neurone presentation of amyotrophic lateral sclerosis are sometimes misdiagnosed as having parkinsonism. Similarly, the spasticity observed in patients with an upper motor neurone disease can be mistaken for the rigidity that is observed in parkinsonism. The clasp-knife phenomenon (resistance building up upon passive stretch, which suddenly gives way) and the speed-dependency of the increased tone (present in spasticity and absent in rigidity) can be used to discriminate between true rigidity and increased tone due to spasticity.
The presence of asymmetrical resting tremor is widely perceived as a classical presentation of PD, but not all patients actually have parkinsonism. Studies that used nuclear imaging to visualise the dopaminergic pathway have identified subjects with such asymmetrical resting tremor but without evidence of a dopaminergic deficit upon imaging, so called 'scans without evidence of dopamine deficit' (SWEDDs). The underlying aetiology of tremor in these SWEDDs is often dystonia. Separating (rest) tremor in patients with SWEDDs from parkinsonian rest tremor can be very challenging. Indeed, some SWEDDs have inadvertently been included in clinical drug studies designed for patients with parkinsonism. Table 4 summarises certain clinical features that help to discriminate between tremor in PD and SWEDDs. Step 2: 'red fl ags ' Once the presence of parkinsonism has been established, the second step is to search thoroughly for additional symptoms and signs. These additional symptoms-signalling the presence of AP -are commonly referred to as the 'red flags' for AP. We describe each of these in more detail below. In addition, we have listed the main red flags in table 5, including suggestions for diagnoses to consider when a specific red flag is present.
Motor symptoms
Classically, the distribution of symptoms in PD is asymmetrical. Although these symptoms will inevitably present bilaterally, this asymmetrical nature persists throughout the course of the disease. In contrast, symptoms are generally much more symmetrical in patients with AP. The separation is never complete, as some patients with for example MSA can present with an asymmetric distribution. And there is one important exception to the rule: the asymmetry in CBD is even more pronounced than in PD. A lower-body distribution of symptoms -where the legs are much more affected than the arms -is the textbook presentation of VP, especially when accompanied by a stepwise pattern of disease progression. A very pronounced axial distribution, in which the axis (ie, neck, back) is much more affected than the extremities, would also be atypical for PD and more suggestive of PSP. Disease progression is generally slow in PD, whereas AP can progress more rapidly. Consequently, life-time expectancy in AP is often reduced compared to PD. We will next discuss several specific motor symptoms in more detail.
Tremor characteristics PD classically presents with an asymmetric resttremor, and it is important to document whether a true pill-rolling type (with involvement of the thumb) is present, as this is very supportive of a diagnosis of PD. Pill-rolling tremor does not exclude AP completely, because it can also occur in drug-induced parkinsonism and MSA, although in these two conditions the tremor tends to be more bilateral and symmetrical. So tremor symmetry is a valuable distinguishing feature, next to the nature of the tremor. Again, the separation is not complete, because an asymmetric, pill-rolling rest tremor can occur in patients with DLB and sporadically even in so called PSP-P patients. A jerky tremor, possibly due to polyminimyoclonus, is more suggestive of MSA.
Severe essential tremor, Holmes' tremor and dystonic tremor can present with a profound rest component. Several elements may help in separating these tremor types from parkinsonian tremor. Essential tremor is very symmetrical, and no other gross neurological abnormalities should be present (except for mild gait ataxia). Table 4 lists several characteristics of dystonic tremor. In addition, dystonic tremor more typically presents with thumb extension from the neutral position, while parkinsonian rest tremor usually involves thumb flexion from neutral. Holmes' tremor tends to have a lower frequency (at around 3 Hz) than tremor is PD (generally 4-6 Hz), but reliable frequency-based discrimination between the various tremor aetiologies is difficult, due to considerable overlap in frequencies. 4 When observing rest tremor it is important to specifically search for the resetting phenomenon (also referred to as re-emergent tremor): the reemergence of tremor with a latency after a positional change. This latency suggests that a rest tremor has now reappeared in the newly acquired position, and this should not be mistaken for a positional tremor. Absence of this resetting phenomenon might point towards a dystonic tremor (table 4) . 3 
Myoclonus
This describes sudden, brief, shock-like movements, caused by muscle contractions. Especially when myoclonus is severe and frequently repetitive or even rhythmic, the differentiation from tremor can be challenging. A useful sign is the abruptness of the movements, because myoclonus is typically jerky, and tremor is not. Careful examination of the outstretched hands can reveal subtle polyminimyoclonus without a resetting phenomenon and with stimulus-sensitivity (touch of the outstretched fingers); this is suggestive of MSA. More pronounced myoclonus, most prominent upon voluntary action or in response to sensory stimuli, can develop in DLB, CBD and rarely PSP. In CBD, the observed myoclonus is generally focal and often confined to one limb. Myoclonus can also occur in spinocerebellar ataxia syndromes, particularly SCA2, as well as in genetic parkinsonian syndromes like PARK9. 4 
Dysphagia/dysarthria
Mild dysphagia and dysarthria can manifest in all parkinsonian disorders. However, severe dysphagia early in the course of the disease is suggestive for PSP, CBD and MSA, especially if a percutaneous endoscopic gastrostomy is necessary. Similarly, early presence of severe dysarthria should prompt to MSA or PSP as possible diagnosis. The specific characters of the dysarthria may help to differentiate these two disorders: a pseudobulbar component suggests PSP, while cerebellar dysarthria suggests MSA. Inter-rater agreement for these dysarthric features is admittedly poor, perhaps with the exception of a high-pitched, quivery voice, which is fairly characteristic and suggestive for MSA. 5 
Dystonia
This can occur in both PD and AP. Focal dystonia can develop in patients with PD, especially in those with young-onset PD or one of the recessive forms of parkinsonism. This mainly involves dystonia of the foot, and can be dopamine-responsive (hence the frequent occurrence early in the morning during a deep 'off ' phase). Different forms of dystonia occur in patients with AP. Focal dystonia of the neck muscles (retrocollis) or the eyelid muscles (blepharospasm) occurs in PSP. Focal dystonia of the neck muscles also occurs in MSA, but now in the form of a mixed antecollislaterocollis (often fixed and painful). MSA can also present with focal dystonia of the vocal cords (spasmodic dysphonia), or a segmental dystonia of trunk muscles, causing lateroflexion (Pisa sign) or anteroflexion (camptocormia) of the trunk. 6 Note that a Pisa sign or camptocormia can also occur in PD or as a side-effect of drugs (mainly neuroleptics). A full differential diagnosis is presented in table 5. The presence of early, fixed limb dystonia suggests a diagnosis CBD. 7 Pyramidal involvement Pathological reflexes, including hyperreflexia and Babinski's sign, can be seen in VP and MSA. The Babinski sign should be distinguished from the striatal toe, which reflects dystonia of the extensor hallucis longus muscle (common in PD). Differentiation can be difficult, but generally a sustained extensor response is indicative for a striatal toe, while a Babinski response includes an immediate return of the big toe to the neutral position after stroking the foot sole. The Babinski response is also associated with fanning of the other toes, unlike the striatal toe. Furthermore, a striatal toe can present spontaneously, especially during walking on bare feet.
Ataxia
This can result from cerebellar or sensory dysfunction, and an ataxic gait can also develop in patients with frontal or vestibular pathology. The presence of ataxia, especially cerebellar ataxia, markedly affects the differential diagnosis, and even mild ataxia calls for further investigation. 5 The differential diagnosis of parkinsonism plus ataxia includes MSA, SCA (2, 3 and 17) and fragile-X tremor-ataxia syndrome. Most patients with MSA present with predominant parkinsonism (MSA-P), but up to 20% of cases can present with mainly a cerebellar syndrome (MSA-C). 5 In Japan, MSA-C is the more common form. Most, but not all MSA patients will ultimately exhibit both parkinsonian and cerebellar features, although marked bradykinesia and hypokinesia can make it difficult to detect ataxia in severely With disease progression, step height and length become smaller, and many patients develop start hesitation, festination (defined as taking increasingly rapid and small sequential steps during walking) and freezing (defined as debilitating episodes during which they are unable to start walking or, while walking, suddenly fail to continue moving forward). 9 Importantly, gait remains narrowbased in PD, even until late in the disease, but is usually broad-based in patients with the various forms of AP, even early on in the disease. Freezing tends to occur much earlier and more severely in patients with AP, and unlike in PD, responds less well (or not at all) to external cueing. The exception is drug-induced parkinsonism, where freezing seems very rare. Ataxic gait is a key symptom in MSA-C. Gait in CBD is typically affected by asymmetrical and usually fixed foot dystonia. Balance is generally not disturbed in early PD, unlike most forms of AP. Early falls (within the first year) are a hallmark of PSP, and result from a combination of gait and balance problems. 10 Most falls are backwards (for reasons unknown), whereas PD patients mostly fall forwards (due to freezing of gait). Unlike PD, falls in PSP often cause serious injuries -fractures of long bones and head injury -because many patients are also reckless, and because protective responses during falls are absent. Although characteristic, falls within the first year of disease are not exclusive for PSP, can also occur in MSA, CBD, DLB and other forms of parkinsonism. Typical for MSA is the presence of vertical ('drop down') falls due to preceding syncope (orthostatic hypotension), while this is rare in PD. Patients with AP often require walking aids, and may become fully wheelchair-bound within the first 3 years of the disease. This 'wheelchair sign' would be very unusual for PD. 5 Gait and balance are best assessed using a combination of tests, including a proper gait analysis and a retropulsion test (incorporated in UPDRS III) Another good test is tandem gait (performed by instructing patients to walk 10 consecutive steps along a thin line); the test is usually normal in PD, and taking even a single corrective side step points towards AP. 11 A related test is asking whether patients are still able to ride their bicycle: cycling is usually preserved in early PD, but inability to cycle early in the disease course suggest AP.
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Eye movement disorders
Examination of the eye movements is crucial for the clinical diagnostic process, as PD and the different forms of AP can show different abnormalities (although these can be subtle). A thorough examination of eye movements involves observing fixation, voluntary eye movements in all directions, smooth pursuit, and saccades in both the horizontal and vertical direction. If there is a vertical gaze palsy, it is important to investigate the doll-eye-phenomenon to localise the disorder as being either supra-or (infra-)nuclear. An upward vertical gaze palsy can develop in the healthy older patients, albeit with preserved velocity of the residual saccade. Also, in PSP, downgaze is usually impaired before upgaze. Supranuclear vertical gaze palsy is characteristic for PSP when present, but a considerable proportion of patients never develop this. 10 Overt supranuclear vertical gaze palsy can be preceded by slowing of vertical saccades and, even more subtle, the 'roundthe-house' phenomenon (abnormal trajectory with subtle deviation from the straight line upon attempted vertical saccades, presumably the first stage of saccadic slowing) Cerebellar eye movements, including square wave jerks, can also occur in PSP patients. 8 MSA patients can show cerebellar eye movements, with nystagmus, square-wave jerks and dysmetria, but often also hypometric saccades, reflecting concurrent parkinsonism. In CBD, the initiation -but not the execution -of saccades can be slowed in both the horizontal and vertical plane, whereas PD patients show limited spontaneous blinking and hypometric eye movements, but a preserved velocity of the saccades.
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Autonomic dysfunction
Symptoms of autonomic dysfunction, mostly in the form of orthostatic hypotension, erectile dysfunction and urge incontinence, are commonly early symptoms of MSA, usually even preceding other symptoms. The presence of cold, discoloured hands also frequently develops in MSA. Autonomic dysfunction also occurs in DLB, including orthostatic hypotension and carotid sinus hypersensitivity, causing syncope and transient loss of consciousness. Urinary incontinence may also occur early in the course of the disease. Urinary incontinence also occurs in PSP patients, although generally not as an early feature. In contrast, symptoms of dysautonomia in PD are generally mild and are usually absent in the first years of the disease.
Higher cortical dysfunctions
Cognitive dysfunction
This can develop very early in the course of PD. Up to 25% of newly diagnosed PD patients show impaired performance in at least three Types of apraxia 1. Ideomotor The patient knows what to do, but not how to do it; showing diffi culty in selection, sequencing and spatial orientation. The patient shows an inability to perform certain tasks on command as well as copying both meaningful and meaningless hand gestures (bilateral). Spontaneous performance of these tasks is remarkably better as well as the performance while using the actual utensil.
Ideational
The patient does not know what to do. The patient demonstrates a disturbance in the 'design' of complex tasks; disturbance in timing, sequencing and spatial organisation of movements. Copying gestures can be remarkably better.
Limb kinetic
Disturbance of fi ne fi nger movement coordination. The patient demonstrates a unilateral diffi culty in copying meaningless hand positions. Mimicking meaningful gestures is generally less troublesome. The use of real objects is typically unimpaired.
neuropsychological tests and were classified as cognitively impaired. PD patients generally manifest executive dysfunction, reduced psychomotor speed, visuospatial dysfunction and memory problems. However, the presence of severe cognitive impairment or profound dementia should prompt further investigation, as many of the AP forms (including eg, PSP, DLB and VP) demonstrate impaired cognitive function early in the disease course. Apraxia, non-fluent aphasia and behavioural changes can occur in PSP and especially CBD patients. A particular feature in PSP is a so-called motor recklessness: risky and impulsive behaviour which -combined with the early and prominent axial disability -commonly leads to severe fall-related injuries. Until recently, it was assumed that cognition remained undisturbed in MSA, in contrast to all other forms of AP. However, recent research suggests that the cognitive profile of MSA patients is indistinguishable from PSP patients, 14 although in our own experience, the clinical impact remains much less pronounced compared to for example, PSP.
Apraxia
The term apraxia is often used inappropriately in clinical practice. Apraxia formally involves an inability to perform a skilled or learnt act that cannot be explained by a language comprehension disorder or elementary motor or sensory deficit. Apraxia is subdivided into three main types: ideomotor apraxia, ideational apraxia and limb kinetic apraxia (table  6) . Severe apraxia of all three subtypes can occur in CBD, causing difficulty in using the afflicted extremity. Characteristically, CBD patients exhibit limb kinetic apraxia prominently and early in the course of the disease. Patients may complain about limited usability of the affected limb, or absent control over movements, and experience an alien limb phenomenon. 7 Limb kinetic apraxia is generally unilateral, mainly involving the most affected limb, as opposed to the other two subtypes. Subtle apraxia, especially involving the eyes, may develop in PSP patients. In general, apraxia is a red flag for the diagnosis of PD or MSA.
Aphasia
An important discriminating aspect is fluency, assessed by asking the patient to name in 1 min as many animals (category) or words with a specified character (phonemic) as they can. The presence of aphasia, especially non-fluent aphasia, suggests CBD or PSP as the underlying diagnosis. 7 10 However, disturbed fluency is not always due to aphasia, as can also result from frontal executive dysfunction, often seen in (later stages of) PD.
Psychiatric symptoms
Apathy is common in PD, often together with depression, although it can present separately. In PSP patients, apathy is also common, but usually develops earlier and more prominently compared to PD. Other behavioural changes in PSP include aggressiveness and disinhibition. The latter can be identified using the clapping test: when a patient is asked to clap the hands three times as quickly as possible, PSP patients tend to clap more than the requested three times, and sometimes they cannot stop at all (applause sign). 15 An abnormal clapping test can also occur in PD, so the test does little to help to separate PD from AP. Also, emotional disinhibition can occur in PSP and MSA. Hallucinations are a hallmark of dementia with Lewy bodies, especially when occurring before starting dopaminergic therapy. Visual hallucinations suggest greater deficits in cortical acetylcholine, and this might predict a better response to cholinesterase inhibitors. Delusions are also common in DLB patients, generally of the paranoid type. 16 
Sleeping disturbances
Various sleeping disturbances occur in parkinsonian disorders, caused either by the disease itself or by the treatment, Excessive daytime sleepiness frequently occurs in PD and presumably has a multifactorial origin, including poor night-time sleep and adverse effects of dopaminergic medication. The presence of rapid eye movement (REM)-sleep-behaviour-disorder suggests one of the α-synucleopathies (PD, MSA, DLB), although it can develop sporadically in Alzheimer's disease and other tauopathies (PSP, CBD). Restless legs and periodic limb movements during sleep occur frequently in both PD and AP, and presumably have limited discriminative value. Inspiratory stridor suggests a diagnosis of MSA. 5 Because it is a possibly lethal complication that can (partly) be prevented, clinicians should always actively ask for inspiratory stridor, especially if there are other symptoms suggestive of MSA. There are validated questionnaires to assess different aspects of sleep in PD, including the REM sleep behaviour disorder screening questionnaire and the Epworth Sleepiness Scale. 17 18 Response to dopaminergic medication Patients with PD have a clear and unambiguous levodopa response and tolerate dopaminergic medication well. Most patients with AP react less well or not at all to dopaminergic therapy, even when levodopa is adequately dosed (1000 mg/ day during 4 weeks). Approximately one-third of patients with MSA and VP show a partial response to levodopa, although a sustained response is rare. Patients with PSP generally do not show a good, sustained response to levodopa. However, patients with the PSP-P phenotype (where the phenotype is dominated by parkinsonism) can show an adequate response. Patients with AP tolerate dopaminergic medication less well, and many become nauseated when using levodopa. Finally, the presence and nature of dyskinesias can help in the differential diagnosis. Dyskinesias are common in PD, but can occur in MSA: the dyskinesias are often localised cranially in MSA, whereas they more involve the extremities in PD.
Step 3: The differential diagnosis The third step is to combine the results of step 1 and 2, as a basis for the differential diagnosis. Table 7 summarises the clinical signs and symptoms and their presence in the different types of parkinsonism. Interestingly, none of these characteristics or so-called red flags can fully differentiate between PD and AP. Usually, it is the combination of several atypical features that differentiates both groups, and this often involves pattern recognition (eg, supranuclear vertical gaze palsy plus motor recklessness; or early autonomic failure with inspiratory stridor). Although such combinations can generally separate the group of PD patients from the group of patients with AP, the overlap between symptom clusters may be too substantial to differentiate at the individual patient level. Therefore, misclassifications still occur even in hands of experts in the field (5-10% negative predictive value in PD). 19 The currently used diagnostic consensus criteria for AP 5 7 10 16 were developed mainly for research purposes, aiming to allocate correctly classified patients to the right studies. These criteria therefore are rather strict, and in daily practice, many patients do not (yet) fully comply with these formal criteria. Yet clinical suspicion can be strong even in such cases, based on the entire clinical picture and own prior experience. We share our clinical suspicion -including the amount of uncertainty -with the patient and family, thus creating transparency.
Two illustrative patient cases
To illustrate the diagnostic process we present two different cases. The video material can be accessed through the website. The first patient, a 58-year-old, right-handed man, developed a tremor of his left hand about 12 months before. His symptoms increased gradually over several months, but remained unilateral. He had not yet been treated with dopaminergic medication. On examination, he scored 29/30 on the minimental state examination (MMSE) and 18/18 on the frontal assessment battery (FAB) (suggesting no gross cognitive dysfunction), and 7/39 on the hospital anxiety and depression scale (HADS) (suggesting absence of depression). There were no symptoms suggesting autonomic dysfunction. Video 1 demonstrates several aspects of the neurological examination: a mask-like face, with spontaneously parted lips at rest; asymmetrical bradykinesia, with decrement while performing finger and foot tapping; a mild rest tremor of the jaw and left hand, including a resetting phenomenon after a postural change; normal range and velocity of eye movements; and absence of ataxia, myoclonus or apraxia. The presence of an asymmetrical hypokinetic-rigid syndrome without red flags renders a diagnosis of PD most likely in this case.
The second patient, a 66-year-old right-handed woman, developed difficulty walking about 24 months before, with gradual difficulty maintaining balance, but she had never fallen. Ten days before, she had started levodopa with beneficial effects. She had symptoms of orthostatic hypotension and decreased libido, but no urgency or urinary incontinence. On examination, her blood pressure was 125/82 mm Hg without orthostatic hypotension, MMSE was 29/30 points, FAB was 15/18 (suggesting frontal executive dysfunction); and HADS was 15/39 (suggesting depression). Neurological assessment (video) revealed a high-pitched voice, cerebellar ataxia and polyminimyoclonus. Moreover, she performed tandem walking with great difficulty, necessitating regular grasping for support. Thus, her hypokinetic-rigid syndrome was associated with several additional signs that were not particularly helpful for the differential diagnosis (including some frontal executive dysfunction and depression), but also a few clear red flags, including ataxia, polyminimyoclonus and subjective orthostatic hypotension (it can be difficult to prove this using simple sphygmomanometry). 20 This specific combination of symptoms and signs most likely suggests a diagnosis of possible MSA (see table 7 ).
Conclusion
Establishing a clinical diagnosis of parkinsonism can be a challenge, but to differentiate between the different causes of parkinsonism can be even more challenging. A systematic clinical approach enables an adequate assessment of the patient, and facilitates clinicians to establish a correct clinical diagnosis early in the disease. However, we do recommend that all patients with a parkinsonian syndrome are referred to a movement disorder expert once in the course of their disease.
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